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was assessed in seven children with the hyper IgE syndrome (recurrent staphylococcal infections, eczematous skin rash, and elevated serum IgE) to determine whether a deficiency in Ts is associated with increased IgE synthesis. When circulating T cells and their subsets were enumerated with the aid of monoclonal antibodies that identify T cells (T3), helper/ inducer T cells (T4), and suppressor/cytotoxic T cells (T8), there was a selective deficiency of T3+ cells (51.7±11.2% vs. 66+5% for normal controls) and ofT8+ cells (7.5±4.4% vs. 22±4% for normal controls) but not of T4+ cells (36.5±7.5% vs. 37±3% for normal controls).
Suppressor T cell function was assessed by examining the ability ofmononuclear cells incubated for 48 h with concanavalin A to suppress the proliferation of fresh autologous mononuclear cells in response to the mitogens phytohemagglutinin and pokeweed mitogen. All seven patients were severely deficient in concanavalin A-inducible suppressor cells.
In vitro de novo synthesis of IgE in 6-d cultures of peripheral blood lymphocytes was measured in four patients by a solid-phase radioimmunoassay. Mononuclear cells from all four patients synthesized spontaneously increased quantities of IgE in vitro (4, 950 +3,760 pg/106 cells vs. 250±215 pg/106 cells for eight normal controls). IgE synthesis was suppressed by the addition of parental T cells to the culture. Elimination of the T8+ subset, but not of the T4+ subset, by complement-dependent lysis resulted in the loss of the capacity of parental T cells to suppress IgE synthesis. INTRODUCTION The hyper IgE syndrome is associated with recurrent infections, chronic pruritic dermatitis, and elevation of serum IgE antibodies, some of which are directed to antigens on Staphylococcus aureus (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) . The etiology of this elevation is unclear, although many atopic conditions, including dermatitis and allergic rhinitis associated with increased serum IgE, have been associated with a decrease in the number of circulating total T cell number (11, 12) . In this regard, however, there is considerable evidence in the murine system to indicate that IgE secretion is closely regulated by suppressor T cells (13) . Thus, selective depletion of suppressor cells by either use oflow dose cytoxan or total body irradiation results in marked augmentation of IgE synthesis (14) .
Recently it has become possible to define inducer and suppressor T cell populations in man with monoclonal antibodies directed at subset-specific cell surface glycoproteins (15) . Analysis of T lymphocytes from patients with a variety of autoimmune and immunodeficient states have provided increasing evidence to suggest that a balance among these immunoregulatory populations plays a critical role in maintaining immune homeostasis. Previous For IgE binding studies, the bacterial suspensions were diluted in PBS to a protein concentration of 1 mg/ml. Aliquots of 1 ml of this suspension were placed in 12 x 75-mm plastic tubes and washed twice with 2 ml of PBS by vigorous vortexing followed by centrifugation at 2,500 g for 5 min. The pellet was resuspended in 0.5 ml of PBS and 0.1 ml of serum or serum dilution was added. The mixture was vortexed vigorously and then incubated at room temperature for 3 h. After this incubation, the pellets were washed three times with PBS, 0.1 ml of human immune globulin (Cohn Fraction II, 160 mg/ml, Massachusetts Biological Laboratories) was added to each tube, and the contents were incubated at room temperature for 3 h. The pellets were washed three times with PBS, and then 50,ul ofl25I-immunosorbent purified rabbit antiIgE (purchased as the radioallergosorbent test reagent from Pharmacia, Inc.), specific activity 5 ,uCi/0.8 ,ug, as added and the incubation was continued overnight at room temperature. The pellets were finally washed three times with PBS, and the bound radioactivity was determined with a Packard gamma spectrometer (Packard Instrument Co., Inc., Downers Grove, Ill.). The results are expressed as the percentage of total 1251 added that remained bound to the pellets. All determinations were performed in duplicate, and values for controls in which PBS were used in place of serum were subtracted to correct for nonspecific binding. sorter. Production and characterization of monoclonal antibodies anti-T3, anti-T4, and anti-T8 were the subjects of earlier reports (15) (16) (17) (18) (19) (20) . In brief, these antibodies were shown to be restricted in their reactivity to cells ofT lineage. Anti-T3 reacted with 100% of peripheral T cells and -10% of thymocytes. In contrast, anti-T4 and anti-T8 reacted with the majority of thymocytes and with 60 and 30% of peripheral T cells, respectively (15, 20) . Functionally, anti-T4 defined the human inducer (helper) T cell subset, whereas anti-T8 defined the human suppressor/cytotoxic population (15, 20) . Cytofluorographic analysis of cell populations was performed by indirect immunofluorescence with fluoresceinconjugated goat anti-mouse IgG (G/M FITC, Meloy Laboratories Inc., Springfield, Va.) on a fluorescence-activated cell sorter (FACS-I, Becton, Dickinson & Co., Mountain View, Calif.), as previously described (13) . Background fluorescence reactivity was determined with a control ascites obtained from mice immunized with nonsecreting hybridoma clones. All analyses were performed without knowledge of the patient's clinical status.
Complement-dependent lysis of T cell subsets. 20 -40 million T lymphocytes were suspended in 0.8 ml of a 1:250 dilution of anti-T8 or anti-T4 ascitic fluid in PBS and incubated for 1 h at room temperature. Then, 0.2 ml rabbit serum (Pel-Freeze Biologicals Inc., Rogers, Ark.) was added and the suspension was incubated an additional 60 min at 37°C. Control cells were incubated with PBS and with rabbit serum. The cells were then washed three times in HBSS and adjusted to 2 x 100 viable cells/ml in RPMI with 10% fetal calf serum. Immunofluorescence of the lymphocytes before and after treatment with anti-T8 or anti-T4 antibody and complement demonstrated complete (>99%) removal of the corresponding T cell subset from the cell suspension.
Proliferative response to mitogens. Lymphocyte suspensions were cultured in complete culture medium at a concentration of 1 x 106 cells/ml in plastic microtiter culture wells (Falcon Labware, Div. of Becton, Dickinson & Co., Oxnard, Calif.) in the presence or absence of mitogens. Cultures were incubated for 3 d with the mitogens phytohemagglutinin (PHA) (1:100 dilution of PHA-P, Difco Laboratories, Detroit, Mich.) or pokeweed mitogen (PWM) (1:500 dilution of PWM, Gibco Diagnostics Laboratories, Gibco Invenex Div., Lawrence, Mass. Radioimmunoassay of IgE. The radioimmunoassay for IgE was performed in flexible flat-bottom microtiter plates Dynatech, Labs, Inc., Alexandria, Va.). The wells were filled with 0.1 ml of a 0.6-mg/ml solution of immunosorbent purified rabbit anti-human IgE, and incubated overnight at room temperature in a humid chamber. 18 h later the rabbit anti-human IgE was removed and the wells were washed three times with PBS containing 1% bovine serum albumin (PBS 1% BSA). The microtiter wells were then incubated with 0.2 ml 10% BSA in PBS for 1 h at room temperature, then washed three times with PBS/1% BSA. 0.1 ml of either IgE standard (range 12-24 ng/0. 1 ml) or of samples to be measured were added to the microtiter wells, and the plates were incubated for 16 h at room temperature in a humidified chamber. The next day the wells were washed three times with PBS/ 1% BSA, filled with 0.1 ml l25I-anti-human IgE 25-30,000 cpm (sp act, 3-5 ACi/4&g) in 5% BSA and 6 h later, the 125I-anti-IgE was removed, and the wells were washed three times with PBS/1% BSA, and eight times with tap water. Finally, the wells were cut out with scissors and counted in a gamma scintillation counter (Packard Instrument Co., Inc.). The activity bound for each IgE standard was plotted on semilogarithmic paper. The IgE content of individual samples was read from the standard curve. The lower limit of sensitivity of this assay was 15 to 20 pg.
Radioimmunoassay for IgG. IgG in the supernates of cell cultures was assayed by a competitive radioimmunoassay. First, the amount of rabbit anti-human IgG needed to precipitate 70% of l25I-labeled human IgG (10 ng in 0.1 ml, 9,000 cpm/ng) was determined to be 0.1 A1. Subsequently, 0.1 ml of culture supemate (or of its dilutions) or of solutions ofknown IgG content (standards) was added to 0.1 1,l ofrabbit antiserum in a Beckman plastic microfuge tube (Beckman Instruments, Inc., Fullerton, Calif.). After an incubation of 1 h at 370C, 125I was added (10 ng in 0.1 ml). The tubes were incubated for 1 h at 370C, then normal rabbit serum (Table IV) . The decrease in T8+ cells was absolute, because the number of lymphocytes harvested from these patients' peripheral blood was never greater than that of normals (data not shown). The decrease in total (T3+) T cells in patients with the hyper IgE syndrome was not accompanied by an increase in the number of surface Ig-positive cells (B cells) nor by the presence of circulating immature T cells defined by the monoclonal anti-T6 antiserum, which recognizes the T6 antigen present on the majority of human thymocytes. Thus, it seems that these patients would have an increase in the number of null cells (data not shown).
Con A-inducible suppressor cell activity. To determine whether the decrease in the T8+ population was associated with a functional diminution in suppressor cell activity, we used a Con A-inducible suppressor cell assay. As shown in Table V Suppression ofIgE synthesis by parental cells. The above findings indicated that patients with hyper IgE syndrome had an elevated spontaneous secretion of immunoglobulin of the IgE isotype and at the same time had a diminution in the T8+ suppressor population associated with the functional loss of Con A-inducible suppression. To determine whether the decrease in the suppressor T cell subset was related to the augmented IgE response seen in vitro, a series of mixing experiments was performed. We first verified the assumption that the expected amount of IgE in cocultures is one-half the sum of the IgE present in each individual cultures by demonstrating that the amount of IgE present in 1 ml of culture containing 0.5 x 106 cells/ml is approximately one-half the amount of IgE present in cultures containing 1 x 106 cells/ml (Table  VI) . Furthermore, the presence of 0.5 x 106 irradiated thymocytes, used as filler cells, in cultures containing 0.5 x 106 cells from patients with atopic dermatitis was shown not to alter the amount of IgE into the culture fluid.
The capacity of parental peripheral lymphocytes to suppress IgE synthesis by the patient's B cells was examined in three different patients. In all three cases, the parent whose peripheral blood lymphocytes were used shared at least one human histocompatibility antigen A, B, C, or Dr haplotype with the patients. Moreover, all parents had a normal distribution and number of circulating T cells and synthesized <200 pg of IgE per culture. As shown in the representative case presented in Table VII , the patient's lymphocytes secreted 3,400 pg of IgE per culture. When peripheral lymphocytes from the normal parent were added, there was a diminution of IgE secretion to 1,050 pg, which was significantly less than the expected 1,800 pg (42% suppression). That this suppressor cell influence was contained within the T lymphocyte subpopulation was demonstrated by the observation that the parent's T cells suppressed the patient's IgE production, whereas the non-T cells from the same parent did not (46 and 14%, respectively). To determine whether this suppressor T cell effect resided within the T4+ or T8+ subset of T cells, isolated subsets of T lymphocytes from the parent were added to the patient's lymphocytes. As shown, the addition of T4+ enriched cells from the normal parent did not result in suppression of IgE synthesis (6%). In contrast, addition of T8+ enriched T cells from the normal parent markedly suppressed the patient's IgE production (53%). Data similar to that shown in Table VII From these results, it would appear that the T8 + subset of T cells can regulate IgE production by B cells, and that in the setting of the hyper IgE syndrome there is a diminution in T8+ suppressor cells in association with the elevation of serum IgE.
All seven patients included in the present report fulfilled the clinical and laboratory criteria of hyper IgE syndrome. Specifically, they had extremely elevated serum antibodies of the IgE isotype of which some showed specificity for the S. aureus. Given that such patients had recurrent infections and relapsing dermatitis, it was necessary to consider the possibility that the decrease in T8+ cells might be secondary to infection and/or skin injury and not involved in the primary pathophysiologic events giving rise to elevation in their IgE isotype levels. This does not appear to be the case, however, since many patients with recurrent infections, including those associated with common variable hypogammaglobulinemia, tend to have a marked increase in the T8+ population,2 and since we have recently shown that patients with a variety of skin diseases, excluding atopic dermatitis, have a normal T8+ population (15) .
To date, the T8+ subset of T cells has been shown to mediate a wide variety of suppressor cell functions. Thus upon activation with Con A in vitro or viral infections in vivo, T8+ cells suppress autologous T cell proliferative responses to mitogen and antigen. In addition, these same cells suppress B cell immunoglobulin production induced by T4+ helper T cells (14) . The present study indicates that a population of 2 Reinherz, E., M. Cooper, S. Schlossman, and F. S. Rosen. Isotype-specific suppressor cells have been shown to exist in experimental systems where IgE and IgG synthesis can be differentially controlled by immunoregulatory T cells (13, 14, 24) . The observation that serum IgE levels are often elevated in the presence of normal or low IgG levels in many human T cell deficiencies (25, 26) , including selective deficiency of suppressor T cells (27) , further supports this view. Furthermore, some but not all authors (11, 12, 28) have found a depression of the number of circulating total T cells in patients with atopic diseases, and have suggested that this is a reflection of a suppressor T cell deficiency especially because normal T cells could suppress IgE synthesis by the PBL of atopic patients (16, 21, 29) . Also, Canonica et al. (30) An increase in activated suppressor cells is commonly found in infectious diseases of both viral and bacterial origin (32, 33) . The detection of diminished T8+ cells suppressor cells in patients with hyper IgE syndrome suggests that the immune response in these patients may be aberrant, given the fact that they frequently suffer from recurrent bouts of infection. The production of significant amounts of IgE antibody directed at S. aureus bacterial antigens further supports this view.
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Loss of the population of suppressor cells is not specific to the hyper IgE syndrome. Indeed, it has been shown to occur during the active stages of systemic lupus erythematosus, multiple sclerosis, acute graft vs. host disease (19) , and atopic dermatitis (18) , although the elevated IgE levels in the hyper IgE syndrome, acute graft vs. host disease, and atopic conditions suggest that these diseases are associated with a common decrease in IgE specific suppressor cells. Although addition of normal T8+ T cells did not totally abrogate IgE production by patient's B cells in the present study, probably as a result of preactivation of IgE-secreting B cells (29) , it did markedly decrease IgE secretion. In view of the above findings, our results would indicate that a rational therapeutic intervention in patients with hyper IgE syndrome might include a method aimed at restoring the suppressor cell population and/ or its function.
